Neuroangiography (NA) is an integral investigation in the management of patients with neurovascular diseases. NA is basically used for diagnosis, but in many instances, it may be followed up with treatment in the same sitting. Indications for diagnostic NA range from extracranial diseases (vertebra-basilar insufficiency from subclavian steal, extracranial carotid stenosis, cavernous-carotid fistula, neck trauma, epistaxis, etc.) to intracranial diseases (nontraumatic subarachnoid hemorrhage, cerebral aneurysms, cerebral arteriovenous malformations, cerebral vasospasm, acute stroke, etc.). A sound understanding of the principles of appropriate periprocedural care and anatomy, catheter technique, and basic disease pathology are vital for the test to be diagnostic. This pictorial review illustrates normal neurovascular anatomy along with an approach to analyze a spectrum of neurovascular pathologies and also explains a step-wise checklist for appropriate preprocedural assessment, technique of procedure, and postprocedural care of the patient. Basic knowledge on how to interpret these images and principles on how to perform it is important.
Introduction
Neuroangiography (NA) is an integral investigation in the management of patients with neurovascular diseases. It is used for diagnosis, but in many instances, it may be followed up with interventional treatment in the same sitting. 1 A sound understanding of the principles of appropriate periprocedural care and anatomy, angiography technique, and angiographic appearance of pathology are vital for the test to be diagnostic.
Salient Descriptors of Normal Neurovascular Anatomy
Extracranial Carotid System (►Fig. 1) Anterior Circulation (►Fig. 2)
• Internal carotid artery (ICA) 1,2 : Bouthillier classification, from below upward:
• C1-Cervical segment. From the common carotid bifurcation to entry into the carotid canal. • C2-Petrous segment. Completely within the bony carotid canal. Small branches not appreciable on digital subtraction angiography (DSA).
• C3-Laceral segment. Up to the petrolingual ligament. First 1 cm of the ICA after exit from the carotid canal. • C4-Cavernous segment. Up to the proximal dural rim, just inferior to the clinoid process. Branches are meningohypophyseal trunk and inferolateral trunk. • C5-Clinoid segment. Smallest segment, by the side of the anterior clinoid segment. Ophthalmic artery can arise from it, else no significant branches. • C6-Ophthalmic segment from distal dural ring up to the posterior communicating artery (PCOM). • C7-Communicating from PCOM to ICA bifurcation.
Physiologic Phases 3
Circulation time: time taken from contrast reaching the cavernous ICA to first cortical vein; Around 3.5 seconds is normal. It represents the physiologic perfusion time. More than 7-second period is abnormal.
Arterial, capillary (parenchymal), and venous circulation times at least in two different planes need to be assessed.
• Middle cerebral artery (MCA)
• M1-Up to insula, not the bifurcation. The bifurcation can be of the early or lateral type. • M2-Curved course over the surface of the insula.
• M3-Descends along the circular sulcus of the insula/ operculum up to the cortical surface. • M4-Along the convex cortical surface.
• Anterior cerebral artery (ACA)
• A1-From ICA bifurcation to anterior communicating artery (ACOM). • A2-ACOM to origin of the pericallosal and callosomarginal artery. • A3-Distal branches supplying the cortex.
Posterior Circulation (►Fig. 3)
• Vertebral artery • V1-Origin from the subclavian artery to the foramen transversarium of C6. • V2-C6 to C2 foramen transversarium (acute bend in course). • V3-C2 to the dura (focal constriction), where it has a lateral, superior, and superomedial course. • V4-Intradural part of vertebral artery, up to the formation of the basilar artery.
• Basilar artery: Branches include the following:
• Anterior inferior cerebellar artery versus posterior inferior cerebellar artery balance → supplement each other. 
Venous Anatomy
Superficial and deep venous system are detailed and marked in the images provided (►Fig. 4). 
Indications 2

Intracranial
Contraindications
No absolute contraindications.
Relative Contraindications
• Contrast allergy • Remedy • Standard prophylaxis using methylprednisolone, 12 and 2 hours before the procedure. 
Patient Preparation 2,4
Preprocedural Workup
• Informed consent should be taken from the patient. • Focused history with physical examination (with neurologic examination). • Review of available imaging to assess arch anatomy or variants that may aid in catheter selection in case of vessel tortuosity/atherosclerotic disease. Fig. 4 Venogram depicting superficial and deep venous drainage of the brain.
• Laboratory parameters:
• Complete blood cell count-to assess the hemoglobin status and rule out acute sepsis. • Serum creatinine or glomerular filtration rate (GFR)for baseline record of renal status and to rule out renal dysfunction. • Prothrombin time/international normalized ratio (PT/ INR) to rule out coagulopathy.
• Anticoagulants should be withheld when possible.
• Nil per oral for at least 6 hours preprocedure.
• The morning insulin dose should be reduced in half.
• Bilateral inguinal regions and/or the left arm (radial/ brachial access) should be prepared and made sterile depending on the case. • An immediate presedation/anesthesia neurologic status assessment should be performed and documented.
Sedation and Positioning
• Sedation with intravenous midazolam and analgesia with fentanyl is used in our center. • Patients should be positioned supine with a headrest, and arms are placed beside the body in extension with support. • Uncooperative patients may need to have their head gently taped to reduce motion. • Instructions should indicate patients to stay motionless, especially during image acquisition, and also be told about a potential sensation of warmth within the head with each injection and to avoid swallowing when imaging the neck vasculature, both aimed to reduce motion-related artifact.
Technique 2,4
Access
• Right common femoral artery (CFA) is preferred for intra-arterial access. When CFA access is not optimal, brachial artery access may be required. • Micropuncture systems with/without ultrasound guidance versus standard 18G access needles can be used for arterial puncture, and a J-wire (atraumatic curved tip) is used, over which the arterial sheath is advanced (►Fig. 5). • A 5F arterial sheath is placed in situ with a continuous heparinized saline sheath infusion to prevent perisheath clotting. • Wires: Hydrophilic 0.035-in wire such as Glidewire (Terumo).
Catheterization
• Precautions
• "Double-flush technique" → minimize unintended air or blood clot embolus. • "Wet connect" → while connecting syringe to catheter or saline drip to sheath. This is to also prevent inadvertent air embolus. • Tactile feedback with smooth motion on advancing wire is essential to prevent dissection/vessel perforation. • Catheter should be always advanced over the wire, which forms support system. Torquing motion of the catheter on wire during advancing is useful. • Road maps of the vascular anatomy should be obtained prior to crossing any vessel bifurcation, especially in cases with difficult anatomy. This aids in preventing ostial dissections. • After advancing the catheter, as the wire is removed, an inadvertent vacuum effect if the catheter tip is wedged against the vessel wall, thus sucking in air into the catheter. To prevent air embolization, remove the guidewire slowly, keeping the catheter hub filled with heparinized saline by dripping it into the hub while the wire is withdrawn. This also aids in wet connect with the syringe after the wire is completely withdrawn. • Prior to injection, there should be flow back from the catheter, to rule out catheter tip wedging/dissection/ intracatheter clotting. • Extra care should be taken when selective angiogram of the vertebral artery is done, as it is prone to complications like dissection to vasospasm. Delayed or incomplete contrast washout is indicated possibility of vasospasm or dissection.
Angiographic Views 2,4
• Cervical arch angiogram: especially if there is suspicion of diseased arch vessel origins (e.g., atherosclerotic narrowing of the ostium) or variant/difficult to catheterize anatomy (e.g., bovine arch).
The catheter of choice is a multiside-holed flush/pigtail catheter. The injection rate is typically 20 to 25 mL/s, and the duration of injection is 10 seconds for a total of 40 to 50 mL of contrast imaged at four to six frames per second (fps). Cervical aortic arch is performed approximately 35-degree left anterior oblique position to assess the great vessel origins in profile.
• For extracranial carotid arteriography, anteroposterior (AP), lateral, and 45-degree bilateral oblique projections are standard. The injection rate is 3 to 4 mL/s for a total of 7 to 9 mL of contrast imaged at two to three fps. • For anterior intracranial cerebral angiography, AP (Towne's view) and lateral projections are standard. One helpful tip is to position the petrous bones at the level of the mid to lower orbits as a guide. The injection rate is 6 to 7 mL/s for 10 mL total contrast, imaged at two to four fps. • For vertebral arteriograms, the standard projections are AP (Towne's view) and lateral projections centered caudally and dorsally to cover the posterior circulation. In distinction to the anterior circulation, the petrous bones should be projected at the bottom or below the orbits to best visualize the basilar artery and its branches in the AP dimension. The injection rate is 3 to 5 mL/s for total of 8 mL total, imaged at two to four fps (►Table 1).
Postprocedural Care 2,3,5
• 
Complications and Remedies
• Most common complication is groin hematoma; seen in around 4% cases. • Neurologic complications within 24 hours (transient ischemic attack) in 2.5% cases. • Stroke with permanent focal neurologic defect in 0.1% and death in 0.06%. 
Predictors of Complications
Case Examples 5
We have included various common case examples (►Fig. 6-20) where DSA is useful in the diagnostic evaluation, followed by endovascular management. 
Informed Consent Statement
Written informed consent was obtained from all patients for publication of this case report, including accompanying images.
